Abstract -The objective of this study was to determine the serum concentration levels of selected acute phase proteins (APP), haptoglobin (HPT) and pig-major acute phase protein (pig-MAP), in postweaning multisystemic wasting syndrome (PMWS) affected pigs and PCV2-subclinically infected pigs. In a first study, a group of 15 eight-week-old conventional pigs from a PMWS affected farm were bled and a complete necropsy, histopathology and in situ hybridisation to detect PCV2 were performed. Based on the results, pigs were classified as suffering from PMWS (n = 10) or healthy animals (n = 5). In a second study, a group of 45 pigs from another PMWS affected farm were selected and bled at 3, 7, 12 and 28 weeks of age. The assessment of PCV2 infection status in these pigs was retrospectively done by PCV2 PCR in serum samples. Selected APP were measured in the serum of all studied pigs by means of radial immunodiffusion. Mean HPT and pig-MAP levels were significantly increased (p = 0.004 and p = 0.0006 respectively) in PMWS-affected pigs when compared to levels found in healthy pigs (2.52 ± 0.88 mg/mL vs. 1.06 ± 0.73 mg/mL for HPT and 3.81 ± 1.53 mg/mL vs. 0.76 ± 0.34 mg/mL for pig-MAP). In the second study, no significant difference in mean HPT and pig-MAP values were observed between PCV2 PCR positive and negative pigs of any age. However, both APP increased significantly with age in PCV2 PCR negative pigs. Altogether, the present results suggest that APP levels are significantly increased in pigs that develop PMWS, but not in animals with a PCV2 subclinical infection. porcine circovirus type 2 (PCV2) / postweaning multisystemic wasting syndrome (PMWS) / acute phase proteins / haptoglobin / pig major acute phase protein (pig-MAP)
INTRODUCTION
The acute phase response (APR) in both humans and animals is defined as a nonspecific reaction to tissue damage such as infection, inflammation, neoplasia and immunological disease [3, 16, 23, 33] . The APR is a very complex reaction, involving local and systemic effects. One of these effects corresponds to changes in the concentration of some plasma proteins, mainly synthesised in the liver, which are called acute phase proteins (APP). Some of these proteins increase their serum levels (positive APP) while others decrease (negative APP). The positive APP have been used in veterinary medicine to study the APR to inflammation and infection [2, 16, 33] .
Postweaning multisystemic wasting syndrome (PMWS) is a recently described disease caused by porcine circovirus type 2 (PCV2), which affects late nursery and fattening pigs [1, 4, 37] . The final diagnosis of PMWS is established based on three different criteria: (1) the presence of compatible clinical signs, (2) the presence of characteristic histopathological lesions in lymphoid tissues, and (3) the detection of PCV2 antigen or nucleic acid in the damaged lymphoid organs [40] . Major clinical findings of PMWS are growth retardation, respiratory distress and mortality [18, 30] . The most relevant microscopic lesions are lymphocyte depletion and granulomatous inflammation in lymphoid tissues [11, 37] ; in addition, affected pigs may potentially have granulomatous inflammation in almost all tissues [21, 37] . Therefore, the pathological picture of PMWS has a marked inflammatory component and strongly suggests the alteration of APP profiles in affected pigs. This hypothesis has been preliminarily confirmed in one study where an increased serum haptoglobin (HPT) in chronically PMWS affected herds was observed [25] .
Taking into account all the mentioned premises, the objective of the present work was to compare the serum concentration levels of HPT and pig-major acute phase protein (pig-MAP), two major porcine APP [15, 24] , between PMWS affected pigs and PCV2-subclinically infected pigs, and to assess the utility of APP serum concentrations as an objective indicator for the evaluation of the individual and herd health.
MATERIALS AND METHODS

Farms, pigs and assessment of PMWS/PCV2 infection
In a first study, a group of 15 eight-weekold conventional pigs from a farm located in eastern Spain were used. The farm was seronegative to porcine reproductive and respiratory syndrome virus (PRRSV) and Aujeszky disease virus (ADV). No evidence of porcine pleuropneumonia, streptococcal meningitis, atrophic rhinitis or enzootic pneumonia was recorded at any age group of pigs on the farm based on clinical, serological and pathological examinations. The vaccination program for the sows included inactivated porcine parvovirus (PPV) and live ADV gE -vaccines. PMWS had previously been diagnosed based on clinical signs, histopathological lesions in lymphoid tissues and detection of PCV2 [40] . Ten out of 15 pigs were selected, in a single farm visit, based on clinical signs compatible with PMWS, such as moderate growth retardation, paleness of the skin and dyspnea. These animals showed a wasting disease starting approximately one week before. Concomitantly, five healthy pigs from the same batch (same age and location in the farm as the other selected animals) were also selected. All pigs were bled by a cava cranial venipuncture and euthanised by means of a sodium pentobarbital overdose and a complete necropsy was performed. Tonsil, superficial inguinal lymph node and lung tissues were fixed by immersion in 10% neutral-buffered formalin, dehydrated, embedded in paraffin wax and sectioned at 4-µm. Tissue sections were stained with haematoxylin and eosin (HE). Correlative sections were also placed on silanecoated (3-[trietoxysilil]-propilamine) slides and PCV2 nucleic acid presence was tested by a previously described in situ hybridisation (ISH) technique [37] . Serum from each pig was stored at -80 °C until analysis.
In a second study, a group of 45 pigs from a genetic nucleus farm located in central Spain was used. The farm was suffering Increased APP in PMWS affected pigs 277 from a severe outbreak of PMWS during a one-year period, initiated five months before the starting of the present sampling. The farm was shown to be seronegative to ADV gE protein and PRRSV. The vaccination programme of the sows included an ADV live vaccine, twice a year. Gilts were also vaccinated against ADV (the same vaccine as for sows), and PPV and erysipelas (combined killed vaccine), twice during the gilt adaptation period. Fattening pigs did not receive any vaccine during the whole production period. No evidence of porcine pleuropneumonia, streptococcal meningitis, atrophic rhinitis or enzootic pneumonia was recorded at any age group of pigs on the farm based on clinical, serological and pathological examinations. The 45 pigs were selected from a larger group of 250 animals which were ear-tagged at three weeks of age and bled at 3, 7, 12 and 28 weeks of age. The studied population were pigs that did not show clinical signs compatible with PMWS during the whole study period, which were not slaughtered because they were selected as part of the future breeding stock for the genetic company. Serum from all 45 pigs was stored at -80 °C until analysis. To assess the PCV2 infection status, a standard PCR to detect the virus [31] was applied on the serum of the 45 pigs at the selected ages.
Acute phase protein determination in serum
Two APP, HPT and pig-MAP, were measured in the serum of all studied pigs. The concentration of these proteins was determined by radial immunodiffusion [29] in 1% agarose gels containing specific rabbit polyclonal antisera and using a porcine serum as a secondary standard. The concentration of HPT and Pig-MAP in this serum was previously determined by radial immunodiffusion using the purified proteins [15, 24] as the primary reference standard. In these experimental conditions intra-and inter-assay coefficients of variation were lower than 5%.
Statistical analyses
The data generated in both studies followed a normal distribution (Shapiro-Wilk, test with p > 0.05). In the first study, data on APP serum levels were subjected to analysis of variance according to the general linear model (GLM) procedure using software of SAS [39] to compare pigs with no clinical signs of disease versus PMWS affected pigs. In the second study, relationships among APP serum levels of PCV2-infected and non-infected pigs at selected ages (3, 7, 12 and 28 weeks of age) were analysed by the repeated measures model (MIXED) of SAS [39] and an LSMEANS follow-up test was used for comparison of means. Significance was set at p < 0.05.
RESULTS
First study: pigs with clinical signs of PMWS
Gross lesions in PMWS affected pigs were characterised by the enlargement of lymph nodes (n = 7), non-collapsed, tanmottled lungs (n = 5), craneo-ventral pulmonary consolidation (n = 5), serous atrophy of the fat (n = 5) and thymus atrophy (n = 3). No gross lesions were observed in the healthy pigs. Histologically, mild to severe generalised lymphocyte depletion together with granulomatous inflammation was found in all diseased pigs. Other microscopic findings detected in PMWS pigs were interstitial pneumonia (n = 10), lymphohistiocytic hepatitis (n = 7) and interstitial nephritis (n = 6). No significant microscopic lesions were observed in any of the healthy pigs studied except for slight lymphocyte depletion in the lymphoid tissues of one pig.
All diseased pigs (n = 10) were positive to PCV2 by ISH, confirming the definitive diagnosis of PMWS. The amount of virus present in the lymphoid tissues (tonsil and inguinal lymph node) ranged from moderate to high in all animals. However, the ISH in healthy pigs showed that four of them were negative to PCV2, and only one of these animals had low amounts of PCV2 nucleic acid in the follicular centres of the inguinal lymph node and tonsil (the same pig having slight lymphocyte depletion).
Individual results of HPT and pig-MAP serum levels are included in Table I . The levels of APP in diseased pigs were significantly higher than in healthy pigs (p values of 0.004 for HPT and 0.0006 for pig-MAP). Mean HPT levels were 2.52 ± 0.88 mg/mL and 1.06 ± 0.73 mg/mL in PMWS and healthy pigs, respectively, while pig-MAP levels were 3.81 ± 1.53 mg/mL and 0.76 ± 0.34 mg/mL, respectively. The mean HPT and Pig-MAP levels of PMWS affected pigs were 2.38 and 5.01 greater values than healthy pigs.
Second study: PCV2-subclinically infected pigs
PMWS clinical signs started at eight weeks of age in the selected farm. The clinical picture at the farm level included wasting, paleness of the skin, respiratory distress and mortality. Eighty-three out of 250 (33.2%) pigs died between 3 and 12 weeks of age. Sixty-seven of the dead pigs were necropsied; fifty-one of these pigs (76.1%) were diagnosed as PMWS based on histological lymphoid lesions and detection of PCV2 by ISH.
The results of APP determinations and PCV2 PCR of the selected 45 pigs are summarised in Table II . Although the mean APP values (for both HPT and Pig-MAP) were increased in the PCV2 infected animals when compared with non-infected Table II . Mean haptoglobin (HPT) and porcine major acute protein (pig-MAP) serum levels (mg/mL) and standard deviations in 45 pigs from a farm which suffered an acute outbreak of PMWS. For each age group, the number of pigs (n) and the result from the PCR testing (positive/negative) are provided. pigs, no significant differences were observed between both groups of pigs at any age. On the contrary, both HPT and Pig-MAP concentrations in the serum increased significantly with age, but only in the non-PCV2 infected pigs (Tab. II).
DISCUSSION
Our first study showed that PMWS affected pigs had statistically significant increase in the serum concentrations of APP when compared with the ones found in age-matched healthy pigs. This indicates that both HPT and pig-MAP can be used as markers for the illness status of PMWS. These results are not surprising because the serum concentrations of these APP increase in pigs with inflammation [24, 33] , and PMWS is probably one of the most representative pig diseases characterised by a systemic generalised inflammation [37] , with marked changes of the cell populations which play a role in inflammation [10] . Taking into account that a disease status is considered a good indicator of poor welfare [5] and the fact that APP are objective indicators of non-specific disease, among other conditions [6, 16, 33] , the results of the first study suggest that APP can be used for the characterisation of the welfare status of farms with PMWS.
Only one pig from the healthy animals had serum HPT levels comparable with those of the diseased pigs. This animal was the one containing lower amounts of PCV2 nucleic acid in their lymphoid tissues, suggesting that subclinically infected pigs may have increased their levels of APP, as it has been suggested as plausible in other studies [19, 32] . However, the pig-MAP serum level of the same animal, although slightly increased compared to the rest of healthy pigs, was considered normal; it is not known if the differences in these two APP kinetics during the APR could explain this situation. Taking into account the result of both APP, this animal could be considered a borderline between healthy and pathological pigs regarding PMWS. In fact, these low amounts of virus together with the slight lesions can be compatible with a subclinical PCV2 infection but also with the initial phases of PMWS [40] .
Haematological and immunological parameters for the group of PMWS and healthy pigs have been studied previously [12] . Briefly, pigs suffering from PMWS showed severe alterations of haematological parameters (anaemia, lymphopenia with a decrease of CD8 T cells and B cells, monocytosis and neutrophilia), and alterations in the cytokine expression profiles characterised by an overexpression of IL-10 in the thymus and a general decrease of cytokines IL-2, IL-4, IL-10, IL-12p40 and IFN-γ in selected lymphoid organs (inguinal superficial and bronchial lymph nodes, spleen and tonsils). A statistical significant association was observed between the increase of pig-MAP serum levels and increased numbers of red blood cells and IL-10 in the thymus, and decreased values of mean corpuscular volume, serum iron (Fe), B cells and CD8 T cells in diseased animals; moreover, the increased levels of HPT were also significantly associated with the increase of IL-10 in the thymus, and decreased values of Fe and haemoglobin (data not shown). Considering that the anaemia observed in those animals has been associated to iron deficiency [12] , it would not be surprising that the APR explains this finding since HPT is involved in Fe transportation by binding haemoglobin [33, 35] , and its increase will imply a decrease in serum Fe and haemoglobin. However, it can not be discarded that the observed iron deficiency can also be related with chronic inflammatory disease with increased levels of IL-10 in the thymus [12] , since this cytokine can induce the intracellular store of Fe [28] and also hyperferritinemia [42] . However, the implications of pig-MAP in haematological and immunological changes of PMWS are more difficult to assess since the physiological functions of this protein are not well defined yet. Pig-MAP or inter-alpha trypsin inhibitor heavy chain 4 (ITIH4), is considered a new member of the inter-alpha trypsin inhibitor (ITI) family [38] . This family is formed by structurally related plasma serine inhibitors involved in extracellular matrix stabilisation [8] . ITIH4, unlike other members of the ITI family, does not include bikunin (a kunitz-type protease inhibitor) in their composition and is therefore not a protease inhibitor. Pig-MAP/ITH4 has been shown to be expressed in the endometrium during the oestrous cycle and early pregnancy in pigs [14] . Recent studies suggest that the ITIH4 may act as an anti-inflammatory protein since it has been shown that this protein can inhibit actin polymerisation and phagocytosis of polymorphonuclear cells [9] .
The longitudinal study in a group of 45 pigs did not show any significant differences with regards to APP serum concentrations when comparing PCV2 infected and non-infected by serum PCR (in a given age). It has been demonstrated that the result of PCR in serum for PCV2 is not adequate for diagnosing PMWS [7] . Furthermore, when screening pigs of different ages by this method, a very high number of animals are PCR positive despite having or not PMWS based on the previous commented diagnostic criteria [26, 41] . Therefore, although the studied pigs came from a farm suffering a severe PMWS outbreak, they represented a population that survived the disease period. Individual clinical signs were not recorded in these particular animals. It can not, however, be discarded that some of them developed a certain degree of non-detected clinical disease, since the APP values of some individuals were similar to those observed in the diseased pigs of the first study. It is possible that the lack of a significant difference between the groups, despite the trend towards an increase of APP in infected animals, was due to the high variability of these values in both PCV2 infected and non-infected pigs as confirmed by the wide standard deviation in each group for each studied APP. However, significant differences in APP serum concentration were observed among ages of non-PCV2 infected pigs. This result may indicate that both HPT and Pig-MAP serum levels increase with age, as has been previously suggested [36] . However, other studies have not shown any effect of age on the APP concentrations [32, 34] unless other situations occurring in these later productive phases such as subclinical infections, temperature oscillations in the farm and overcrowding may cause an increase in APP levels.
For the present studies, two farms with minimal pathogen microbism were chosen. The main reason for this was to discard the potential effects of viral and bacterial pathogens which have been demonstrated to cause an increase in serum APP, such as PRRSV, Pasteurella multocida, Bordetella bronchiseptica, Streptococcus suis and Actinobacillus pleuropneumoniae [2, 13, 17, 20, 22, 27] . Therefore, the values obtained reflected the effect of PCV2-associated disease and discard the effect of other potential known diseases. In fact, if another unknown disease or infection had been present, it would have been logical that it could affect PMWS and PCV2-subclinically infected pig groups as well as non-PCV2 infected pigs.
In summary, the data from the present studies indicate that APP, such as HPT and pig-MAP, were significantly increased in pigs with diagnosed PMWS when compared to healthy age-matched pigs. However, PCV2 subclinically infected pigs did not show differences in HPT and pig-MAP serum concentrations when compared to age-matched, non-PCV2 infected animals. These latter results suggest that the increase of APP levels depend on the development of PMWS and not on infection with PCV2 alone. Further studies are needed to assess the potential differences between affected and non-affected farms and different pig ages to establish the usefulness of APP determination with regards to health status and the efficacy of PMWS control measures.
